DNase I footprint of ABC excinuclease.
The incision and excision steps of nucleotide excision repair in Escherichia coli are mediated by ABC excinuclease, a multisubunit enzyme composed of three proteins, UvrA, UvrB, and UvrC. To determine the DNA contact sites and the binding affinity of ABC excinuclease for damaged DNA, it is necessary to engineer a DNA fragment uniquely modified at one nucleotide. We have recently reported the construction of a 40 base pair (bp) DNA fragment containing a psoralen adduct at a central TpA sequence (Van Houten, B., Gamper, H., Hearst, J. E., and Sancar, A. (1986a) J. Biol. Chem. 261, 14135-14141). Using similar methodology a 137-bp fragment containing a psoralen-thymine adduct was synthesized, and this substrate was used in DNase I-footprinting experiments with the subunits of ABC excinuclease. It was found that the UvrA subunit binds specifically to the psoralen modified 137-bp fragment with an apparent equilibrium constant of K8 = 0.7 - 1.5 X 10(8) M-1, while protecting a 33-bp region surrounding the DNA adduct. The equilibrium constant for the nonspecific binding of UvrA was Kns = 0.7 - 2.9 X 10(5) M-1 (bp). In the presence of the UvrB subunit, the binding affinity of UvrA for the damaged substrate increased to K8 = 1.2 - 6.7 X 10(8) M-1 while the footprint shrunk to 19 bp. In addition the binding of the UvrA and UvrB subunits to the damaged substrate caused the 11th phosphodiester bond 5' to the psoralen-modified thymine to become hypersensitive to DNase I cleavage. These observations provide evidence of an alteration in the DNA conformation which occurs during the formation of the ternary UvrA.UvrB.DNA complex. The addition of the UvrC subunit to the UvrA.UvrB.DNA complex resulted in incisions on both sides of the adduct but did not cause any detectable change in the footprint. Experiments with shorter psoralen-modified DNA fragments (20-40 bp) indicated that ABC excinuclease is capable of incising a DNA fragment extending either 3 or 1 bp beyond the normal 5' or 3' incision sites, respectively. These results suggest that the DNA beyond the incision sites, while contributing to ABC excinuclease-DNA complex formation, is not essential for cleavage to occur.